This study has been carried out to discover the impact of the product life cycle (PLC) on the importance of outsourcing decision-making criteria in a manufacturing firm. The four dimensions of outsourcing decision-making were identified, based on a literature review and on the conditions of the firm: (1) core competencies, (2) information leakage risk, (3) technological capability, and (4) cost. A case study and survey research were used, along with two non-parametric tests (Friedman's test and Kendall's W). The results show in particular that the importance of 'technological capability' and 'strategic information leakage risk' does not differ across the various PLC stages. The importance of 'leakage risk of product volume information' and 'total cost' change over different stages of the product life cycle are also addressed. For the latter two criteria, the probabilities of each rating related to each criterion importance have been estimated by ordinal logistic regression, and the weights of these criteria have been calculated at each stage of the product life cycle.
INTRODUCTION
Changes in the environmental conditions of firms may lead to changes in outsourcing strategies. Consequently the outsourcing strategies of firms may change over time, altering outsourcing decisions to support their new strategies ( [20] , [26] ). So organisations' outsourcing strategies may not remain fixed over time, and Make-or-Buy (MoB) decisions will need to be considered to support the new strategies [20] . In other words, market situation, demand fluctuation, and governmental policies force organisations to modify their outsourcing strategies ( [6] , [11] , [32] ). For instance, the relative importance of the purchasing criteria in supplier selection may change over time across different stages of PLC ( [26] ).
The concept of PLC has been applied in studies related to supply chain management, logistics, purchasing, etc. Birou et al et al. [4] proposed appropriate purchasing strategies proportionate to the stages of the product life cycle. Tibben-Lembke [34] considered the impact of the product life cycle on reverse logistics.
Aitken et al. [1] proposed appropriate supply chain strategies according to the stages of the product life cycle of a lighting company. Narasimhan et al. [26] proposed a mathematical model for selecting suppliers (and appropriate bid terms) according to the relative importance of multiple criteria across multiple products over their life cycles. Chang et al. [7] proposed a fuzzy multiple attribute decision-making method for supplier selection, based on different phases of the product life cycle. Wong and Ellis [38] analysed the impact of PLC on market orientation.
Hon and Xu [15] applied the concept of product life cycle to reconfiguring manufacturing systems. Chen et al. [10] proposed a nonlinear programming model for determining replenishment policies for a product life cycle by minimising the total costs of the inventory replenishment system. Ma and Yan [22] stated that in a manufacturing firm the manufacturing strategies for similar production tasks in a manufacturing firm may be stored in a knowledge base and be used to select appropriate manufacturing modes (according to specific PLC stages) for further decisions.
Che [8] proposed a decision model for developing an initiative win-win pricing strategy based on the product life cycle and a genetic algorithm. Ostlin et al. [27] studied the balance of supply and demand to provide remanufactured products during the product life cycle.
Studies in the outsourcing decision-making literature have addressed different aspects (such as a resource-based view, transactional cost theory, etc.). This problem was dealt with as a multicriteria problem ( [5] , [28] , [23] , [13] , [17] , [36] ). The experiences of authors in various manufacturing companies raise significant questions about the impact of the product life cycle on the importance of outsourcing decision-making criteria. Moreover, the literature review shows that one of the limitations of existing research in this area is that models are static and do not address the dynamic nature of company existence and decision-making [25] .
On the other hand, it is necessary to determine the relative importance of criteria. Different dimensions may be affected by importantce of of criteria such as corporate strategies and environmental conditions [20] . So in a manufacturing corporation, the importance of outsourcing decision-making criteria in a manufacturing corporation may change during product life cycle stages over time.
This paper considers the impact of the product life cycle on the importance of decisionmaking criteria related to a firm's manufacturing activities of a product, and is based on a case study and survey research methodologies. Section 2 defines each dimension of the outsourcing decision-making criteria for the development of research hypotheses and the research model. Section 3 explains the research methodology. Section 4 deals with the testing of the research hypotheses. In Section 5, weighting the criteria by ordinal logistic regression with respect to the TFNs is determined and discussed, and Section 6 concludes the paper.
HYPOTHESES DEVELOPMENT
The main question is whether PLC has any impact on the importance of the criteria for outsourcing decision-making, and how the importance of a criterion might be altered over time through the stages of the product life cycle. Other factors, such as market conditions, demand fluctuations, and governmental policies ( [6] , [11] , [32] , [20] ) are also considered. By adopting Porter's value chain, the range of processes are manufacturing processes (or activities) related to a specific product that is named 'operations' [29] .
The dimensions of outsourcing decision-making
Based on the literature reviewed and on the conditions of the studied firm, four dimensions affecting outsourcing decision-making are identified, as shown in Figure 1 . These are: 
Core competencies dimension
Prahalad and Hamel [30] argued that core competencies in a company have at least three attributes: they
• provide a potential approach to various markets • play an important role in customer intuition; and • are difficult to imitate (by competitors).
All goods and services that are considered to be core competencies should be retained and performed internally (insourcing); and in these cases, outsourcing should necessarily be avoided by firms ( [35] , [24] , [2] ).
Information security (leakage risk) dimension
One important issue in outsourcing decision-making is how information security can be realized ( [19] ). The risks of information leakage can be divided into two categories for the studied firm:
• Risk of strategic information leakage, and • risk of volume product information leakage Decision-making criteria dimensions
Core competencies dimension
Information security dimension
Technological dimension Economic dimension
Information on sales, strategic directions and policies, target (niche) markets, etc. are examples of confidential strategic information. Breach of confidentiality may result in competitive damage [14] and irreparable losses to organisations.
The second category of information leakage is volume information about products. Knowing the exact quantity of a product may be important for competitors. Outsourcing an activity of a product may disclose such information. If this information is important and the impact of related risk is high, it is important to protect it as much as possible. Related risks concerning that activity should also be managed. Performing the neccesary activity internally or externally is significant. To conclude, it is questionable whether the importance of information leakage risks (strategic and product) at different stages of the product life cycle will be changed.
Technological dimension
The technological capability to perform processes or activities both about the firm and about the potential suppliers is the third dimension of outsourcing decision makingdecisionmaking. Many authors mention 'technological capability' as a major factor for outsourcing decision-making ( [5] , [11] , [13] , [17] , [18] , [37] , [31] , [28] , [36] ).
Technological capabilities generally follow the life cycle and maturity level as well as the position of competitors [37] . Obviously, a specific level of technological capability is needed to meet the minimum requirements for product quality. However, the supplier with higher levels of technological capability is preferred [12] . It is necessary to know whether the importance of technological capability varies across different stages of PLC.
Economic dimension
The fourth outsourcing decision-making dimension of the study is the economic dimension. 'Total cost' and 'cost saving' have been used as major criteria for the economic dimension of outsourcing decision-making in many works ( [2] , [5] , [13] , [17] , [18] , [28] , [20] , [36] ). In this study, 'total cost' is selected as the economic criterion and how it may change as process (activity) changes across PLC stages.
Hypotheses
According to the outsourcing decision-making criteria for the studied firm, the research model was established. The attendant hypotheses are expressed as follows (see Figure 2 ):
Ha: The importance of technological capability differs at various stages of the PLC. Hb: The importance of strategic information leakage risk differs at various stages of the PLC. Hc: The importance of leakage risk of product volume information differs at various stages of the PLC. Hd: The importance of total cost differs at various stages of the PLC.
RESEARCH METHODOLOGY
Case study and survey research approaches were applied in this study. The studied organisation is an Iranian manufacturing firm in the field of aviation. A cross-functional team was formed to analyse the research goal and data collection. Almost 40 experts participated in the team, from production, planning, quality assurance and control, research and development, procurement, sales and CRM departments. All team members were related to outsourcing affairs or decision makingdecision-making processes while performing normal functions.
The team participated in lectures (description of research goal) and workshops (data gathering). A questionnaire was distributed among them as a survey instrument. The questionnaire was developed specifically to measure the importance of each criterion at different stages of PLC, and included items using a Likert scale (ranking from 1 = very low to 5 = very high). To finalise and ensure the instrument's validity, the questionnaire was assessed and tentatively completed by a number of manufacturing experts (staff at the studied firm) and an academic consultant before data gathering. Lastly, data were collected by distributing the questionnaire to the experts who participated in the workshops. In the study, Cronbach's alpha is 0.711, which indicates an acceptable internal consistency of items in the survey instrument [33] .
RESULTS OF FRIEDMAN'S TEST
To examine whether significant differences exist in the criteria importance at various stages of the PLC, two non-parametric tests (Friedman's test and Kendall's W) were used. In Friedman's test, the null hypothesis is that there is no real difference between the n objects (stages). Kendall's coefficient of concordance (W) is a measure of the agreement among several judges who are assessing a set of objects [21] . Kendall's W is a value between 0 and 1, where 0 indicates no agreement and 1 indicates complete agreement. The results from both the Friedman's test and Kendall's W coefficient of concordance are shown in Table 1 . This study tested the hypotheses for statistical significance using the 5 percent significance level (α = 0.05). This means that the importance of 'leakage risk of product volume information' and 'total cost' are different across various PLC stages, and the importance of 'strategic information leakage risk' and of 'technological capability' is independent of PLC stages.
WEIGHTING THE CRITERIA BY ORDINAL LOGISTIC REGRESSION
The findings indicate that the decision-makers of the studied firm have to adjust the weighting criteria by considering the PLC. For the criteria that have been shown to depend on the various stages of product life cycle, it is possible to use ordinal logistic regression to determine the weights at each stage of the product life cycle. If x is considered as an independent variable, and Y as a dependent (response) variable, the regression model seeks an estimate of E(Y|x). If E(Y|x) is represented by π(x), then by using the logistic regression model, π(x) can be considered as in the following equation ( One may now consider determining the relation between the importance of each criterion as an output (response) variable and the product life cycle as an input or independent variable. The independent variable is an ordinal variable with four stages: introduction, growth, maturity, and decline. The output (dependent) variable is an ordinal variable with five rating scales: very low, low, medium, high, and very high. In the ordinal logistic regression, an 'event' is defined as the occurrence of each output variable or less than them; so the following equation may be defined:
Equation ( (1.5) (Figure 4 ) and triangular fuzzy numbers (Table 4) as the most applicable among other fuzzy methods to calculate the weights of decision-making criteria effectively. To convert the importance of each criterion to a certain weight in order to use them for the decision-making process with respect to the arithmetic rules of TFNs, one applies equation (1.11) . The weights of each criterion are determined, however, with respect to the product life cycle:
where:
: Weight of criterion i at stage j;
: Probability of rating k on importance criterion i at stage j;
: Rating k in triangular fuzzy number form i = 1, 2, 3, ...; j = I, G, M, D; k = 'very low', low, medium, high, 'very high' As an example, the weights of the total cost in the introduction stage may be determined. In the case of 'technological capability' and 'strategic information leakage risk' with respect to the independency of the product life cycle, median values will be considered for calculations (the medians are very high in all stages of the PLC).
For the other two criteria (leakage risk of product volume information, and total cost) where their importance changes over the four stages of the product life cycle, equation (1.11) will be used to estimate the weights of the criteria. Calculating the weight of the total cost in the introduction stage of the PLC performed as follows: The weights of the four criteria based on triangular fuzzy numbers are given in Table 5 . It is now possible to use the estimated weights with every multi-criteria decision-making approach to determine the preferred alternative(s) and make decisions for the insourcing or outsourcing of manufacturing activities with respect to product life cycle considerations. 
Weight (TFN)

CONCLUSIONS
The aim of this study was to analyse the impact of product life cycle (PLC) on the importance of outsourcing decision-making criteria in a manufacturing firm. As seen, while the investigating activity includes the core competencies of the firm, it is important that they be insourced; but after considering this situation, it is necessary to analyse changes in the importance of other decision-making criteria at each PLC stage. The results of the calculation show that 'the importance of technological capability' and 'the importance of strategic information leakage risk' do not differ across various PLC stages; and it can be assumed that the importance of them is independent of the product life cycle. In contrast, 'the importance of leakage risk of product volume information' and 'the importance of total cost' at different stages of PLC change can be determined by the ordinal logistic regression and estimation of the probabilities for each rating scale. These results create an opportunity for the decision-makers in the case study firm to determine the weights of criteria with respect to the different stages of PLC, and then make decisions on insourcing or outsourcing of manufacturing activities with a suitable method.
